Background-A large number of monozygotic and dizygotic twin pairs with inflammatory bowel disease have been reported. To date no twin pair has developed phenotypically discordant inflammatory bowel disease. This case report is the first documented occurrence of discordant inflammatory bowel disease occurring in monozygotic twins. Case report-Twenty two year old identical male twins presented within three months of each other with inflammatory bowel disease that proved to be discordant in overall disease type, disease distribution, clinical course, and histopathological findings. Twin 1 developed a severe pancolitis necessitating total colectomy while twin 2 developed a predominantly distal patchy colitis with frequent granulomas, controlled by aminosalicylates. Twin 1 was antineutrophil cytoplasmic antibody (ANCA) negative at the time of testing while twin 2 (Crohn's disease) was ANCA positive. Significantly, the twins possessed the HLA type DR3-DR52-DQ2 previously associated with extensive colitis. Conclusion-This case report confirms the important role played by genetic factors in the development of inflammatory bowel disease. It also highlights the crucial role of undetermined environmental agents in dictating disease expression and phenotype.
The aetiology of chronic idiopathic inflammatory bowel disease is multifactorial and appears to combine both genetic and environmental factors. Studies consistently show an increased prevalence of inflammatory bowel disease among first degree relatives of an aVected individual. [1] [2] [3] The aVected relative is more likely to develop a phenotype of inflammatory bowel disease that is similar to the index case both in disease type and distribution. 4 This familial association is strongest in twins and in particular in monozygotic twins. There are numerous case reports where one or both twins are aVected by either ulcerative colitis or Crohn's disease. [5] [6] [7] [8] In addition, two large twin studies have been reported in the literature. 9 10 These include both monozygotic and same sex dizygotic twins with inflammatory bowel disease; if both are aVected there is concordance in the disease type. This case report is the first documented occurrence of mixed inflammatory bowel disease in a pair of monozygotic twins.
Case reports
Twin 1, a twenty two year old white male, presented to the gastroenterology outpatient department with a three week episode of bloody mucous diarrhoea occurring seven to eight times per day and associated with crampy lower abdominal pain. He was generally unwell and anorexic. He gave a two year history of episodic bloody diarrhoea, occasional dry eyes, and painful large joints. These symptoms had not been previously investigated.
Physical examination was unremarkable and laboratory investigations revealed a haemoglobin of 12.8 g/dl, an erythrocyte sedimentation rate of 30 mm/h, and normal liver profile. Stool culture and microscopy for ova and parasites were negative. Colonoscopy was performed which revealed a total colitis with inflamed granular mucosa, continuous ulceration, and excess mucus. Serial colonic biopsy specimens revealed florid architectural changes with abnormal bifid glands and the absence of granulomas consistent with a diagnosis of ulcerative colitis (fig 1) . Barium meal and follow through was normal. Over the following four months outpatient management with sulphasalazine in combination with topical/oral steroids and with the subsequent addition of azathioprine failed to control his colitis. Repeat endoscopy confirmed severe total colitis necessitating hospital admission for intravenous steroid therapy. Severe colitis persisted and intravenous cyclosporin was instituted to which he remained refractory. His condition deteriorated and he underwent total colectomy with ileostomy. At laparotomy the small bowel was noted to be normal. Histology confirmed an acute on chronic pancolitis with normal terminal ileum. His postoperative recovery was complicated by bilateral pneumonia, methicillin resistant staphylococcal septicaemia, wound dehiscence, and pulmonary embolism. He was however discharged on day 39. Over the subsequent 18 months he had persisting blood stained discharge from his rectal stump despite medical therapy and he subsequently underwent elective proctectomy. He has since remained well. Twin 2's referral for investigation of a five year history of episodic blood stained diarrhoea was prompted by the diagnosis of ulcerative colitis in his identical twin brother two months previously. At this time he was otherwise well and denied symptoms of current or previous extraintestinal disease.
Physical examination was unremarkable. Laboratory investigations including full blood count, erythrocyte sedimentation rate, and liver profile were normal. Colonoscopy showed patchy inflammation to 20 cm with aphthoid ulcers. Serial colonic biopsy specimens from the hepatic flexure and distally confirmed patchy inflammation with acute cryptitis. Noncaseating granulomata were found in biopsy specimens from four out of six sites (fig 2) . Barium meal and follow through examination was normal. A diagnosis of colonic Crohn's disease was made. He was treated with sulphasalazine and latterly olsalazine to control his symptoms.
Both twins were born as full term normal deliveries and pregnancy was uncomplicated. Both received standard childhood vaccinations available at the time which did not include the measles vaccine. However, both developed measles at around eight years of age, although this is not documented in their family practitioner's records. Both underwent tonsillectomy aged four and both developed a transient febrile icteric illness associated with elevated aminotransferases at 12 years of age and attributed to hepatitis A without serological confirmation. Both are non-smokers, although three regular household members were smokers at the time of disease onset. They have five older siblings all of whom are healthy. The twins' father died aged 53 years as a result of carcinoma of the oral cavity. Their mother is alive and well.
Twins 1 and 2 are identical in appearance and their monozygosity was assessed by detailed genetic typing including rhesus type, ABO blood group, and other red cell antigens. HLA typing confirmed monozygosity with both twins expressing the haplotype HLA A1-B8-DR3-DR52-DQ2 (table 1) . Class I and II antigens were determined by lymphocytotoxicity methods.
Perinuclear antineutrophil cytoplasmic antibodies were negative in twin 1 and positive in twin 2 with a titre of 1/40 using an indirect immunofluorescence technique (Inova). However, sampling in twin 1 was performed after he underwent total colectomy but before his subsequent proctectomy.
Discussion
This is the first documented case report where monozygotic twins have developed inflammatory bowel disease that is discordant in overall type, disease distribution, clinical course, response to therapy, and extraintestinal manifestations. It underlines the long held belief that common inherited factors predispose to the development of inflammatory bowel disease and on which environmental factors act to determine disease expression and phenotype.
The strongest risk factor for developing inflammatory bowel disease is a positive family history. Crude and age adjusted empirical risks for developing inflammatory bowel disease in relatives of aVected individuals are at least tenfold greater than the community wide prevalence. 11 12 Recent large familial studies in Crohn's disease have found a higher concordance for age at diagnosis, 11 disease location, 4 11 13 disease extent, 13 disease pattern, 4 13 and operative requirements 4 in patients with a family history of Crohn's disease than in sporadic cases. Although the overall type of inflammatory bowel disease usually breeds true in familial cases, mixed families in which some members are aVected with Crohn's disease and others with ulcerative colitis are not uncommon. 2 Twin case reports in the literature are manifold and describe both monozygotic and dizygotic twin pairs. In all of these one or both twins are aVected by the same type of inflammatory bowel disease. 9 Tysk et al used the Swedish twin registry and inpatient hospital records to identify twins aVected by inflammatory bowel disease. 9 Monozygotic twins with ulcerative colitis had a proband concordance of 6.3%. None of the dizygotic twins with ulcerative colitis were concordant. Monozygotic twins with Crohn's disease had proband concordance of 58.3% while dizygotic twins had proband concordance of 3.9%. A total of 80 twin pairs were considered (34 monozygotic) and despite discordance for presence or absence of inflammatory bowel disease no pair was aVected by both ulcerative colitis and Crohn's disease. The authors calculated the heritability of liability for ulcerative colitis to be 0.53 and that for Crohn's disease to be 1.0 suggesting a much larger genetic influence in Crohn's disease. They also considered a further 19 monozygotic twins with ulcerative colitis reported in the literature and found concordance in nine, and 27 monozygotic twins with Crohn's disease of whom 24 were concordant. There were no cases of mixed inflammatory bowel disease.
Thomson et al traced 144 twin pairs with inflammatory bowel disease from 16 000 members of the National Association for Colitis and Crohn's Disease. 10 Six of 38 monozygotic twins with ulcerative colitis and five of 25 with Crohn's disease were concordant for the disease. The relative risk for an unaVected identical twin developing inflammatory bowel disease compared with that for a non-identical twin was 3.49 (p=0.03). Once again, in the majority of cases only one twin had developed overt inflammatory bowel disease; however, there was no pair of twins with mixed inflammatory bowel disease. These studies and case reports all indicate a higher concordance for inflammatory bowel disease in monozygotic than dizygotic twins suggesting that genetic factors rather than environmental factors play the primary role in disease pathogenesis.
Genetic influences in inflammatory bowel disease are complicated and are likely to involve genetic heterogeneity, oligogenic inheritance, and incomplete penetrance.
14 A putative Crohn's susceptibility locus on chromosome 16 has recently been identified in two independent panels of families with multiple aVected members. 15 A number of candidate genes with immunoregulatory functions are located in this region.
Antineutrophil cytoplasmic antibodies exhibiting a perinuclear pattern of staining (pANCA) are found with a higher frequency in patients with ulcerative colitis than in Crohn's disease or in the general population. 16 pANCA are also found with increased frequency in relatives of patients with ulcerative colitis although the probands need not necessarily be positive themselves. 17 In our report, twin 1 with ulcerative colitis was ANCA negative while his genetically identical twin with Crohn's disease was pANCA positive. However, twin 1's ANCA analysis was performed three months after he underwent colectomy but before his persistently inflamed rectal stump was excised. Aitola et al found that at a mean of 24 months post-proctocolectomy, 10/14 patients positive for ANCA preoperatively had reduced titres and two had become negative. 18 There are no data regarding changes in ANCA status in patients with persistently inflamed rectal stumps. Two studies have localised the production of ANCA to lymphocytes in the lamina propria of the colon in patients with ulcerative colitis. 19 20 It is possible therefore that titres could be reduced or indeed negative in patients who have undergone total colectomy. Recent Scandinavian studies have found that patients with colonic Crohn's disease can have a similar ANCA seroprevalence to patients with ulcerative colitis. [21] [22] [23] Therefore, it is not surprising that twin 2 was ANCA positive and we suggest that twin 1's negative ANCA status relates to the timing of sampling. However, it should be noted that in a study of monozygotic twins discordant for ulcerative colitis, Yang et al found that only 20% of healthy twin siblings were ANCA positive. 24 Associations between inflammatory bowel disease and class I HLA antigens, with the exception of patients with coexistent ankylosing spondylitis or primary sclerosing cholangitis, are weak. 25 26 Studies of class II antigens indicate a higher prevalence of HLA DR2 in ulcerative colitis than in controls; this association is most pronounced in patients with total colonic involvement. [27] [28] [29] Interestingly, Satsangi et al, in a population based association study, found that the haplotype DR3-DQ2, as expressed by our twins, was associated with extensive ulcerative colitis. 30 In Crohn's disease evidence for an HLA association is lacking. 30 The role of environmental factors in the pathogenesis of inflammatory bowel disease is a source of ongoing controversy. This case report and the lack of complete concordance in other monozygotic twin studies underlines the crucial role played by external factors in the determination of disease expression in patients with genetic susceptibility to inflammatory bowel disease. Non-smoking or a cessation of smoking is a proven risk factor for developing ulcerative colitis 31 and patients with Crohn's disease are more likely to be smokers. 32 However, at the time of disease onset neither of the twins in this case report had ever smoked themselves, although both were exposed to the eVects of passive smoking. It has been suggested that appendicectomy oVers protection against the development of ulcerative colitis;
